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The recently announced result by EDGES points an unexpected excess in the 21 cm global
brightness temperature from cosmic dawn at z ∼ 17, potentially indicating new phenomena beyond
the ΛCDM model. A generic cosmological model which allows conformal and disformal couplings
between dark matter and dark energy is employed to investigate the impact on the 21cm absorption
signal and understand the EDGES anomaly. After exploring a wide range of parameter space for
couplings, we find that the coupling effects can lead to a moderate change in the Hubble parameter
while a negligible change in the spin temperature in the early Universe. Consequently, the decrease
of the Hubble parameter from the mixed conformal and disformal couplings can reproduce the 21cm
absorption approximately in consistent with the EDGES result at z = 17.5. However, there is still
tension in corresponding parameter space between EDGES and other cosmological observations for
this model.
I. INTRODUCTION
Recently, the Experiment to Detect the Global Epoch
of Reionization Signature (EDGES) reported the first de-
tection of 21 cm hydrogen absorption signal relative to
the Cosmic Microwave Background (CMB) centered at
z ∼ 17 [1], opening a new window to the early universe.
However, the amplitude of the EDGES signal is more
than a factor of two greater than the largest theoretical
predictions [2]. If confirmed, this anomalously strong 21
cm absorption will indicate some new underlying physics
at work.
In the so-called concordance ΛCDM cosmology, neu-
tral hydrogen (HI) gas temperature evolves as (1 + z)2
due to adiabatic expansion after baryon decoupling from
CMB photons at z ∼ 150, while the CMB temperature
evolves steadily as ∝ (1 + z). After this decoupling, the
decreasing density of the gas gradually becomes insuf-
ficient to maintain the collisional coupling between the
hydrogen spin temperature and the gas kinetic temper-
ature, and therefore the spin temperature eventually re-
equilibrates with the CMB temperature at z . 40. Until
first star formation (most likely at z . 30), the Lyα pho-
tons emitted from these luminous sources coupled the
21 cm spin temperature to the gas kinetic temperature
through Wouthuysen-Field effect [3, 4], making an ab-
sorption feature in 21 cm brightness temperature before
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the intergalactic medium was significantly heated. Fi-
nally, the increasing X-ray emissions from these first stars
would heat the gas above the CMB, leading to a 21 cm
emission signal.
Thus, the EDGES-detected absorption feature of 21
cm signal at the redshifts of 15 . z . 20 is consistent
with the prediction in the ΛCDM model [5], whereas the
best-fitted amplitude of the absorption (T21 = −500+200−500
mK at 99% confidence level) far exceeds the expectation,
with about a factor of two (corresponding to 3.8σ) greater
than the largest prediction of T21 ' −209 mK [2] in the
standard model.
Generally, the brightness temperature of the observed
21 cm signal is related to the Hubble parameter H(z),
and the ratio between the temperature of the background
radiation Tγ and the spin temperature of the gas Ts, i.e.,
T21 ∝ 1
H(z)
(
1− Tγ(z)
Ts(z)
)
, (1)
According to Eq. 1, many mechanisms recently have been
proposed to explain this significant anomaly, [2, 6–16],
such as (a) reducing the spin temperature Ts, or (b) in-
creasing the effective background radiation temperature
Tγ such that Tγ > TCMB, or (c) reducing the Hubble
parameter.
In the first attempt, one introduced new baryon-dark
matter (DM) interactions which can transfer the bary-
onic kinetic energy into DM so as to cool down the gas
efficiently. However, this attempt is constrained by cos-
mological observations severely [2, 6–12], one has to “fine-
tune” the properties (e.g., mass and cross-section) of the
most prevailing DM candidates – weakly interacting mas-
sive particles (WIMPs). Ref. [2] sets up an upper limit
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2on DM particle mass in light of EDGES, where the al-
lowed mass (less than a few GeV) is much lighter than
that expected for WIMPs.
Alternatively, it is possible to raise the radiation tem-
perature by adding extra radio backgrounds in the early
universe. Some examples for this attempts were given
in [13, 14], where extra photons are expected to be pro-
duced either by accretion of intermediate mass black
holes or by light WIMPs annihilation or decay.
Besides these two scenarios, as T21 linearly depends
on the value of 1/H(z) as seen in Eq. 1, the EDGES
anomaly thus can be, of course, due to a smaller value of
H(z). The first attempt to modify H(z) and explain the
anomaly was proposed by introducing a phenomenolog-
ical interaction between dark sectors [15]. In this study
the dark energy model was not specified and its equa-
tion of state was treated as a free constant smaller than
−1/3. Recent discussions on the interaction between
dark sectors can be found in the review [17] and ref-
erences therein. Further attempt in this direction was
also proposed by considering the early dark energy [16]
with the phenomenological model [18]. All these models
are qualitatively shown effective in altering H(z), rec-
onciling the tension between ΛCDM predictions and the
EDGES result. However, it is still unclear that whether
the parameters adopted in these models to fit EDGES are
consistent with other recent cosmological measurements
such as the CMB data from Planck satellite [19] etc.
In a recent paper, it was argued that the tension be-
tween the EDGES signal and the ΛCDM prediction can
be released by introducing an interaction between dark
matter and vacuum energy [20]. This study is in the spirit
of the interaction between dark sectors, but assuming the
vacuum energy as the candidate for dark energy. It was
reported that the EDGES measurement can marginally
improve the constraint on parameters that quantify the
interacting vacuum, while the combined dataset favors
the ΛCDM at 68% CL. Simply considering the vacuum
energy as dark energy suffers serious theoretical prob-
lems. This is the reason that a dynamical scalar field is
called for. Recently a new perspective on understanding
the vacuum energy problem in the expanding universe
with scalar field was suggested in [21].
Considering dark matter and dark energy occupying
95% of our universe, studying the interaction between
them is an intriguing and rational step towards a more
comprehensive understanding of the nature. In this pa-
per we will focus on a generic interacting model be-
tween dark sectors. We assume the dark energy as
a canonical quintessence scalar field to avoid the vac-
uum energy problem and being conformally and disfor-
mally coupling with dark matter. Conformally coupled
dark energy models in the Einstein frame have the rela-
tion to the modified gravity in the Jordan frame, which
have been exhaustively explored, see [17] and references
therein. Recently, interacting dark energy models with
a disformal coupling have been recently confronted with
astronomical observations [22–24]. In this work, we will
re-examine this generic coupled dark energy model and
investigate its impact on 21 cm absorption signal and
give the proof-of-the-concept explanation on the EDGES
anomaly.
The paper is organized as follows. In Sec. II, we give a
brief introduction to the generic DM-DE coupling model
and the 21 cm brightness temperature. In Sec. III we
consider the conformal coupling, disformal coupling and
the combined conformal and disformal couplings on the
influence of the 21 cm brightness temperature. Finally,
we give conclusions and discussions in Sec. IV.
II. DM-DE COUPLING MODEL AND 21 CM
BRIGHTNESS TEMPERATURE
In this section we first briefly review the generic model
on the interaction between dark matter and dark en-
ergy, which has been thoroughly discussed in [22–24]. In
the Einstein frame, the scalar-tensor theory action of the
model reads
S =
∫
d4x
√−g
[
M2Pl
2
R− 1
2
gµν∂µφ∂νφ− V (φ) + LSM
]
+
∫
d4x
√
−g˜L˜DM (g˜µν , ψ) ,
(2)
where the reduced Planck mass is MPl = 2.4×1018 GeV.
The Lagrangian LSM represents the visible sector from
the standard model (SM), and dark energy is described
by a quintessence scalar field φ with a potential V (φ).
The last term (L˜DM ) in the action corresponds to the
dark matter sector which depends on the metric with
the form
g˜µν = C(φ)gµν +D(φ) ∂µφ∂νφ , (3)
where C(φ) andD(φ) denote the conformal and disformal
coupling factors, respectively. We see now that dark mat-
ter particles follow geodesics determined by g˜µν and that
various aspects of these particles, for instance their mass,
will depend on the dark energy field. A recent quantum
understanding on the interaction between dark matter
and dark energy argued that there is no significant inter-
action between heavy dark matter and light dark energy
at the microscopic level from the normal perturbative
quantum field theory. Interaction between dark sectors
can be consistent with quantum field theory if dark en-
ergy and a fraction of dark matter are very light axions
[27]. Here dark matter particles following dark energy
field satisfies the microscopic level requirement.
In general, the interaction between DE and DM can
be described by [24],
Q =
C,φ
2C
TDM +
D,φ
2C
TµνDM∇µφ∇νφ−∇µ
[
D
C
TµνDM∇νφ
]
,
(4)
3where the subscript {, φ} denotes the derivative with re-
spect to φ. The pressureless DM has TµνDM to be its perfect
fluid energy momentum tensor, and TDM is the corre-
sponding trace.
On the other hand, DE is described by a scalar field
φ which obeys the modified Klein-Gordon equation and
is now coupled to DM via the coupling function Q. As-
suming a flat universe under the standard Friedmann-
Robertson-Walker (FRW) metric with the line element
ds2 = gµνdx
µdxν = a2(τ)
(−dτ2 + δijdxidxj), one has
φ′′ + 2Hφ′ + a2V,φ = a2Q , (5)
where a is the scale factor of the universe, and the prime
(′) is the derivative with respect to the conformal time.
The conformal Hubble parameter here isH = a′/a, which
is related to the Hubble parameter by H(z) = H/a. The
non-conservation of the DE must be mirrored in the DM
species “c”,
ρ′c + 3Hρc = −Qφ′ . (6)
The background form of Q in the FRW universe can
be simplified as
Q =
2D
(
C,φ
C φ
′2 + a2V,φ + 3Hφ′
)
− a2C,φ −D,φφ′2
2
[
a2C +D
(
a2ρc − φ′2
)] ρc.
(7)
The nature of the energy transfer process will be deter-
mined on the forms of C(φ), D(φ), V (φ). To be consistent
with the discussions in [22–24], we choose exponential
functional forms as
C(φ) = e2ακφ, D(φ) = D4me
2βκφ, V (φ) = V 40 e
−λκφ,
(8)
where α, Dm, β, V0, and λ are constants and κ ≡M−1Pl .
For standard matters, such as the relativistic species
(“r”) and the baryons (“b”), we assume them uncoupled
with the scalar field, and hence the evolutions of their
energy densities read
ρ′b + 3Hρb = 0 ,
ρ′r + 4Hρr = 0 , (9)
Finally, with these ingredients, the Friedmann equation
takes the standard form:
H2 = κ
2
3
a2 (ρφ + ρb + ρr + ρc) , (10)
with ρφ = φ
′2/2a2 + V (φ).
Next, we will investigate the impact of the generic
interacting model on 21 cm brightness temperature by
considering the conformal coupling, disformal coupling
and the mixed conformal and disformal couplings. Since
the EDGES only measures the sky-averaged global 21
cm signal rather than the fluctuations, we neglect effects
from perturbations [22] and concentrate only on the back-
ground evolution.
Compared with the standard ΛCDM model, it is ob-
vious that the interaction between dark sectors modify
the expansion history and in turn the 21cm brightness
temperature. This was disclosed in [15] and [20]. How-
ever how the interaction influence the temperatures devi-
ation from that of the ΛCDM model to leave imprints on
the gas temperature Tg, spin temperature Ts and, conse-
quently, 21cm brightness temperature T21 is not clear to
us.
The evolution history of the universe can be obtained
by solving Eqs. 5, 6, 7, 8, 9 and 10 using the modified
CAMB code [28]. The evolutions of the ionization frac-
tion and the gas temperature are similar to the ΛCDM
model, but the Hubble parameter therein is corrected.
The evolution of the gas temperature is governed by adi-
abatic and Compoton cooling processes [29], if the X-ray
heating is negligible, which reads
dTg
dz
=
8σTaRT
4
γ
3H(z)(1 + z)mec
xe
1 + fHe + xe
(Tg−Tγ)+ 2Tg
(1 + z)
,
(11)
where σT is the Thomson scattering cross-section, aR the
radiation constant, me the electron mass, c the speed of
light, xe(z) ionization fraction of hydrogen, fHe(z) the
fraction of helium abundance, and the radiation temper-
ature in our scenario is expected to be the same as the
CMB temperature Tγ(z) = TCMB = 2.7255(1 + z) K.
To calculate the 21 cm absorption signal, let us be-
gin with the radiative transfer equation in the Rayleigh-
Jeans limit. Assuming homogeneous HI spin tempera-
ture, the brightness temperature of the observed radia-
tion field reads [30]:
Tb(z, ν) = TCMB(z)e
−τν + Ts(z)(1− e−τν ) (12)
where ν denotes the observed frequency and τν is the op-
tical depth of inter-galactic medium at frequency ν. Ts(z)
and TCMB(z) stand for the spin temperature and CMB
temperature at the redshift z, respectively. Therefore,
the 21 cm brightness temperature relative to the CMB
temperature is
T21(z) ≈ Ts(z)− TCMB(z)
1 + z
τν0(z) , (13)
where
τν0 =
3c3~A10nHI
16kBν20Ts(z)H(z)
. (14)
ν0 = 1420.4 MHz is the rest-frame hyperfine transition
frequency, ~ the reduced Planck constant, kB the Boltz-
mann constant and nHI the number density of back-
ground neutral hydrogen. A10 = 2.87 × 10−15s−1 is the
spontaneous emission coefficient from the triplet to the
singlet state of neutral hydrogen atoms. Here we have as-
sumed homogeneous gas distribution with uniform spin
temperature, but note that the gas density fluctuates,
and the adiabatic heating of over-dense gas would result
4in a decreased optical depth and hence a lower level of
the 21 cm global signal [31].
The spin temperature is determined by three ef-
fects, including the radiative coupling to the CMB, the
Wouthuysen-Field and collisional coupling to the gas
kinetic temperature Tg. It can be well-approximated
by [30]
Ts =
TCMB + ycTg + yLyαTLyα
1 + yc + yLyα
, (15)
yc =
C10
A10
T?
Tg
, (16)
yLyα =
P10
A10
T?
TLyα
, (17)
where yc is the collisional coupling coefficient, C10 the
collisional de-excitation rate of the triplet hyperfine level,
and the energy of 21cm photons is T? = hν0/kB =
0.068K. yLyα is the Lyα coupling coefficient, P10 ≈
1.3× 10−12J−21s−1 is the indirect de-excitation rate due
to the absorption of Lyα photons.
Here, J−21 denotes the Lyα background in units of
10−21 erg s−1cm−2Hz−1sr−1. It is determined from the
global star formation history before reionization com-
pleted (see details in [32]), including first stars and first
galaxies. Unfortunately, due to the lack of observations
of galaxies at z & 10, galaxy properties like the star for-
mation efficiency, the stellar initial mass function and
the stellar metallicity are all poorly known, there are
large uncertainties on the Lyα background. The values
of J−21(z) at redshifts z < 20 are estimated by using
the simulations [32], and can be simply extrapolated to
high redshifts. We also set TLyα = Tg, which is a good
approximation for the period of interest (z∼20) [33]. We
have checked that the results produce a consistent reion-
ization history with recent Planck measurements [19] in
the ΛCDM frame, computed with the modified Recfast
code [29, 34–37].
III. RESULTS
In this section, we present the detailed analysis of the
DM-DE coupling model and investigate its impacts on
the 21 cm absorption signal. The joint analysis [19] of
the latest high precision observations from the CMB and
other low redshift data gives a flat universe with Ωc =
0.27, ΩΛ(i.e.,Ωφ) = 0.68, TCMB = 2.7255K and h =
0.6727 as well as Ωb ' 1 − ΩΛ − Ωc. The evolutions of
baryon and relativistic species are fixed same as the ones
in ΛCDM (ρb ∝ a−3 and ρr ∝ a−4) since the DE-DM
interaction has no effects on baryons and photons.
For evaluating the background evolution for ρc, ρφ, we
have to choose the initial conditions for ρc, ρφ and φ
′.
We first use a shooting algorithm [38] which has been
implemented in CAMB in order to find appropriate ini-
tial conditions for ρc, ρφ such that the predicted values
of such two parameters at present day are given by the
Parameter uncoupled conformal disformal mixed
λ 1.3 1.3 1.3 1.6
α 0 -0.1 0 -0.2
β 0 0 0 0.2
Dm/Mpc
1/2 0 0 75 75
TABLE I: The fiducial parameter setting for uncoupled, con-
formal, disformal and mixed cases.
observed ones. Furthermore, the initial value of φ′ has
to be also specificed. We choose φ′ = 0 at a = 10−9 in
this study, which is essentially because that ρφ ∝ φ′2/2a2
and we assume ρφ at the very early universe is essentially
negligibly small. More explicitly, we have verified that,
the predicted 21 cm signal is rather stable over a broad
range of φ′ (0 ≤ κφ′ . 10−5Mpc−1) for the uncoupled
and conformal couplings. However, if we increase the
initial value of κφ′ from zero by a tiny amount in disfor-
mal and mixed couplings, e.g. κφ′ ≥ 10−14Mpc−1 (i.e.,
κφ˙ ≥ 10−5Mpc−1), the resulting ρc and ρφ after recom-
bination will be significantly disfavored by the current
observations at above 3-σ level. As such, for simplicity,
we fix φ′ = 0 at a = 10−9 for all the coupling models to
solve for the background evolution.
To be consistent with the units chosen in CAMB where
κ is absorbed into the energy density ρ and H(z) is in
units of Mpc−1, ρ is thus in the same units of H2. We
also know that D is in units of ρ−1c and D ∝ D4m in terms
of Eqs. 7 & 8, Dm is thus expressed in units of Mpc
1/2,
which is different from the units convention in [24]. V0
4 in
Eq. 8 is adopted to V0
4 = ρΛ(z = 0). Note that, setting
all the coupling parameters (α, β,Dm, λ) to be 0 means
a return to the standard ΛCDM model.
A. Impacts of DM-DE coupling on H(z)
Referring to Eq. 1, the 21 cm brightness temperature
T21(z) is a function of three variables H(z), Ts(z) and
Tγ(z). The radiation temperature Tγ(z) (assumed to be
the same as TCMB(z) in our scenario) evolves in the same
way as that in the ΛCDM model. According to Eq. 15,
the spin temperature Ts is tightly coupled with the ki-
netic temperature Tg that further depends on H(z) as
well in terms of Eq. 11. These dependencies indicate
that H(z) is the key factor governing the evolution of
T21.
In Fig. 1, we show the deviation of H(z) in the four
fiducial cases described in Tab. I. Compared with H(z)
for the standard ΛCDM model, the coupling model for
these four cases can change H(z) at a few percent level on
average. The conformal and uncoupled cases effectively
increase H(z) over all redshift range and the disformal
and mixed ones decrease H(z) moderately at early times,
especially when z & 1. These four couplings are rapidly
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FIG. 1: Deviation of Hubble expansion rate for the coupling
model with respect to that of the standard ΛCDM model,
where δH(z) = H(z) − HΛCDM(z). Four cases are adopted
here to illustrate the evolution of δH/HΛCDM as a function
of redshift, with the parameter setting described in Tab. I.
These curves show that the DM-DE interactions can lead to
the relative deviation of H(z) at a few percent level.
switched on and begin to affect the Hubble parameter at
z & 0.1. The coupling effects become almost negligible at
the present epoch, leading to the deviations approach to
zero (e.g., less than 1% level when z < 0.05), and satisfy-
ing our initial conditions to match observed cosmological
parameters at present day.
B. Impacts of DM-DE Coupling on Tg and Ts
We will now study the impacts on the evolution of
spin temperature TS and gas temperature Tg, since they
may also affect T21 based on Eqs. 13 and 15. Because
of the Wouthuysen-Field effect, Ts sharply approaches
Tg at the regime z . 25 where star formation begins
and scattering of Lyα photons with hydrogen atoms thus
becomes efficient, leading to a strong coupling between
Ts and Tg. However, from Fig. 2, we can see that, the
changes due to the couplings in dark sectors are invisi-
ble and can be essentially neglected. To clearly demon-
strate the relative changes, we plot the fractional dif-
ference from the standard ΛCDM case in Fig. 3, i.e.
δT/T = (T − TΛCDM)/TΛCDM. Both Ts and Tg in the
cases of conformal, disformal, mixed are increased by
0.2% on average, and the relative deviation in the un-
coupled case is almost zero.
In terms of Eq. 14, the optical depth τ depends on not
only Ts but also H(z). As mentioned before (see again
Figs. 1 and 3), since the coupling-induced deviation in
H(z) for each case at z & 0.1 is an order of magnitude
greater than that of Ts, we thus expect τ would vary
by < 10% level which should be compatible with the
10 100
1
10
100
1000  Tgas
 Tspin
 TCMB
 CDM
 Uncoupled
 Conformal
 Disformal
 Mixed
T 
[K
]
z
FIG. 2: Evolution of the CMB temperature TCMB (dash-
dotted), the gas kinetic temperature Tg (solid), and the spin
temperature Ts (dash), for the coupling model in fiducial cases
of Tab. I. The effects of DE-DM coupling in Tg and Ts are
so small that corresponding curves are overlapped with that
from the standard ΛCDM model. These coupling effects thus
can be essentially ignored.
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FIG. 3: Same as Fig. 2, but for relative deviations of Tg (solid)
and Ts (dash) with respect to those derived in ΛCDM. The
deviations in uncoupled is negligibly small and the other cases
give rise to increases at the level of < 0.3% in both Tg and
Ts, which are about an order of magnitude smaller than the
changes in H(z) as in Fig. 1
altered amplitude of H(z). In Fig. 4, we present the
evolution of τ for the fiducial cases which confirms our
expectation. Except for the uncoupled case, the other
three ones lead to up to 10% deviations, and there is
essentially no difference between the uncoupled one and
the ΛCDM model (two curves overlapped).
We can conclude that, the altered H(z) from our DM-
610 100
0.00
0.05
0.10
0.15
 CDM
 Uncoupled =1.3, =0, =0, DM=0
 Conformal =1.3, =-0.1, =0, DM=0
 Disformal =1.3, =0, =0, DM=75
 Mixed =1.6, =-0.2, =0.2, DM=75
z
FIG. 4: Evolution of the optical depth τ predicted from
the fiducial cases and the ΛCDM model. There is essentially
no difference between the uncoupled case (yellow) and the
ΛCDM model (grey dash) as the deviation of H(z) in such
case is almost zero at z & 10.
DE coupling model is the dominant factor in changing
T21 absorption signal as the deviations of H(z) (a few
percent level) are about an order of magnitude greater
than those of Ts.
C. Results on 21cm Brightness Temperature
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 Uncoupled =1.3, =0, =0, DM=0
 Conformal =1.3, =-0.1, =0, DM=0
 Disformal =1.3, =0, =0, DM=75
 Mixed =1.6, =-0.2, =0.2, DM=75
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1 [
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FIG. 5: Evolution of 21 cm brightness temperature T21 rela-
tive to the CMB in the four fiducial coupling cases and the
ΛCDM. The changes of T21 at z . 20 are mainly due to H(z)
altered by the coupling effects. Due to the linear dependence,
T21(z) ∝ τ(z) ∼ 1/H(z), the relative change in T21 for each
case is the same order of magnitude as that in τ(z), showing
a strong correlation between T21 and τ (see Fig. 4).
Parameter Space
λ . . . . . . . . . . . . . [0, 2.3]
α . . . . . . . . . . . . . [−0.96, 0.96]
β . . . . . . . . . . . . . [−6, 3]
Dm/Mpc
1/2. . . [0, 330]
TABLE II: The parameter space of the three different cou-
pling cases adopted for analysis. Taking values outside of the
range of parameters is not allowed by the initial conditions
described in Sect. III.
From the above analysis, we find that the DM-DE cou-
pling in our fiducial cases has more influence on H(z)
than on Tg and TS at z ∼ 20, from which we expect
this influence may change T21 at a comparable level at
that epoch. In Fig. 5, we compare the evolution of 21
cm brightness temperature T21 in our different coupling
cases with that in the ΛCDM model. As seen, T21 at
small z (z . 20) is indeed altered by about ±5% in the
conformal, disformal and mixed cases, since the changes
in T21 are closely related to the contribution from δH(z)
which are about 4%,−4% and −8% in relative difference
(see Fig. 1), respectively.
Next, we turn our attention to investigate whether the
DM-DE coupling model can offer the explanation of the
EDGES 21 cm anomaly while remaining consistent with
other observations. Ref. [24] has performed a global anal-
ysis and placed stringent constraints on the conformal,
disformal, and mixed DM-DE interactions, by combining
current cosmological data from the Planck 2015 obser-
vations, BAO measurements and a supernovae Type Ia
sample as well as local values of the Hubble constant, etc.
The uncoupled case is not taken into account here as its
impact on T21 is negligibly small compared to the other
couplings, as mentioned before regarding Fig. 5.
In terms of Eq. 13, we calculate the predicted val-
ues of the 21 cm absorption signal from various coupling
cases spanning over a wide range of parameters listed in
Tab. II. We have chosen the usual parameter convention
described in Ref. [24] to derive the signals from confor-
mal, disformal, and mixed cases. In our calculations, we
focus on the peak redshift of the absorption trough in
the EDGES result, and the redshift is thus fixed to be
z = 17.5.
In the conformal case where β and Dm are set to be
zero by definition [24], we systematically explore the pa-
rameter space of α and λ. The resulting values of T21 are
shown in Fig. 6, where the hatched area corresponds to
the 1-σ allowed region of [24] inferred from a joint anal-
ysis of cosmological observations. As seen, the confor-
mal coupling can not suppress T21 down to the EDGES-
observed amplitude (' −0.5K) which is still about 2.5
times smaller than the minimum value of T21 = −0.2K
derived from such coupling. The derived 21 cm signal
in the hatched region is almost the same as the typical
value predicted from the ΛCDM model.
7−0.4 −0.3 −0.2 −0.1 0.0 0.1 0.2 0.3 0.4
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FIG. 6: 21 cm brightness temperature T21 as the function of
the interaction parameters in the conformal case at z = 17.5.
The hatched region corresponds to the 1-σ allowed parameter
space obtained by a joint analysis from cosmological obser-
vations [24] (same for Fig. 7 & 8), where only the positive
priors on the coupling parameters (listed in Tab. II) are con-
sidered. Parameters not satisfying the initial conditions as
mentioned before are excluded in our analysis. The resulting
signals are much weaker than the expected one (' −0.5K),
with the minimum value of T21 = −0.2K.
Note that, the obtained cosmological constraints [24]
(corresponding to the hatched regions in Figs. 6, 7, 8) on
the DM-DE interaction model are based a positive prior
for the coupling parameters α and β. In this study, we
allow these two parameters to vary freely since there are
no any physical reasons to restrict the negative values.
In Fig. 7, we present the evolution of T21 at z = 17.5
for the disformal case by varying the values of λ and
Dm (upper panel), and, λ and β (lower panel), respec-
tively, corresponding a “constant-coupling” interaction
with β = 0 and α = 0, and a “time-dependent coupling”
one with DmV0 = 1 and α = 0. The predicted largest ab-
sorption signal of T21 = −0.25 K are still about two times
smaller than the detected one by EDGES. Furthermore,
the predicted T21 (≈ −0.24 K) near the blank region in
the lower panel of Fig. 7 tends to become more negative,
close to the expected value, indicating that the disfor-
mal coupling may allow one to reproduce EDGES 21 cm
anomaly if there is no restriction on the initial conditions
(i.e., if relaxing Ωi). In addition, taking into account the
parameters in the hatched region to match the cosmolog-
ical measurements within 1-σ, one can obtain a smaller
absorption signal where T21 ≈ −0.196 K, which is much
disfavored by EDGES.
In Fig. 8, we illustrate the derived T21 signals in
the mixed coupling case, by varying the free parameters
Dm, α and λ, while with β = 0 fixed, corresponding to a
constant disformal coupling (the same parameter choice
as in [24]). For each plot in Fig. 8, we vary only two
of them and keep the other one fixed such that they can
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FIG. 7: Same as Fig. 6, but for the disformal case where β
and DmV0 are set to be β = 0 (upper panel) and DmV0 = 1
(lower panel). The parameters within the blank region are
excluded by the constraints from our initial conditions. The
minimum value of T21 = −0.25 K is achieved when λ =
2.3, Dm = 70 Mpc
1/2 (upper), and of T21 = −0.24K when
λ = 2.2, β = 0.6 (lower).
clearly show the dependence of the parameters on T21.
As seen, the largest absorption signal at z = 17.5 can
reach about −0.44 K, which is essentially matched with
the EDGES result. Compared to the conformal and
disformal coupling cases, the mixed one leads to rela-
tively larger absorption signal, which is expected since
the mixed coupling decreases H(z) more efficiently than
the other cases and thus yields such more negative 21 cm
signal (see Figs. 1 and 5). However, the EDGES favored
range for the coupling parameters is still in conflict with
present cosmological data. We find that the parameters
in the mixed case that produce the largest 21cm absorp-
tion signal will significantly change ρc at z ' 1100, ruled
out by the current CMB measurements at least at 3-σ
level. The predicted T21 (∼ 0.2 K) in the hatched re-
gion allowed by [24] remains well above the expected one,
comparable with the predictions from the conformal and
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FIG. 8: Same as Fig 6, but for the mixed case, which has a constant disformal coupling by setting β = 0 [24]. The mixed
coupling can suppress T21 down to −0.44 K when λ = 2, α = −0.96 and Dm = 75 Mpc1/2, approaching to the EDGES
measurement, whereas the values of the parameters favored by EDGES will lead to ρc at z ' 1100 inconsistent with the current
cosmological measurements at least at 3-σ.
disformal cases.
Based on the above analysis, we find that only the
mixed coupling case can in principle produce an am-
plitude of 21 cm absorption signal comparable with
the EDGES measurement. However, the values of the
coupling parameters that are necessary to explain the
EDGES anomaly tends to generate a serious conflict with
the constraints from present observations. In short, the
interacting DM-DE model considered here would not be
able to explain the EDGES anomaly while being consis-
tent with present cosmological probes.
IV. CONCLUSIONS
The recent measurement of an excess in the 21-cm
brightness temperature from cosmic dawn by the EDGES
team has attracted a wide attention, as the observed sig-
nal is much deeper than expected in the standard ΛCDM
universe. Various mechanisms have been proposed to al-
leviate such tension.
In this study, we investigate the possibility of us-
ing a generic interacting DM-DE model to explain the
EDGES anomaly by calculating the impact of such cou-
pling model on the 21 cm absorption signal.
As known, the big-bang nucleosynthesis (BBN) pro-
vides a stringent constraint on any nonstandard cosmol-
ogy scenarios. As the predicted abundance of light ele-
ments from the standard BBN is in well agreement with
observations, any deviations of the baryon-to-photon ra-
tio and the Hubble rate H(z) during the BBN epoch
would significantly change the the abundance of the
light elements. Since the proposed DM-DE interac-
tion model keeps the standard behavior of baryons un-
changed from the early universe before the onset of BBN
(z ≤ 109) and only introduces an extra coupling between
9DM and DE, the influence from such interactions on the
baryon-to-photon ratio is hence negligible small. Fur-
thermore, we also find that the deviations of H(z) in-
duced by those nonstandard coupling terms are at the
level of δH(z)/HΛCDM(z) < 10
−4 during the BBN epoch
(z ∼ 108). Therefore, the DM-DE coupling in our study
gives only negligible small effects in the nucleosynthesis
process and hence we can safely neglect the constraints
from the BBN. However, one should be cautious when
dealing with any nonstandard terms that could change
the baryon-to-photon ratio and the Hubble rate signifi-
cantly during BBN epoch.
We find the interaction with the fiducial cases can ef-
fectively change the Hubble expansion rate H(z) at a
few percent level at redshifts of 10 . z . 20, but the
changes in the 21 cm spin temperature Ts are about an
order of magnitude smaller than those in H(z), which im-
plies that the coupling-induced effects on T21 are mostly
contributed from the variations of H(z) rather than Ts.
Finally, we explore a wide range of the parameter space
for the various couplings, including disformal, confor-
mal, uncoupled and mixed ones, to further investigate
whether this coupling model can offer an explanation of
the EDGES 21 cm anomaly while being consistent with
the limits placed by a joint analysis from present cos-
mological observations. We find that, the derived T21
from the disformal, conformal and uncoupled couplings
are much weaker than the EDGES results. Only the
mixed case can lead to an amplitude with the maximum
value of −0.44 K at z = 17.5, almost consistent with
the expected value of about −0.5 K from EDGES. Un-
fortunately, the region of the mixed coupling parameters
allowed by EDGES is in conflict with the other cosmolog-
ical observations. Definitely, 21 cm cosmology offers the
exciting opportunities to probe/test DM-DE interactions
and future 21 cm observations at cosmic dawn would
bring us more insight to understand the non-standard
cosmological effects.
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